Abstract

17
Aim
18
To improve predictions of spatial and temporal patterns of species richness it is important to 19 consider how species presence at a site is defined. This is because this definition affects our 20 estimate of species richness, which should be aligned with the aims of the study, e.g.
21
estimating richness of the breeding community. Here we explore the sensitivity of species 22 richness estimates to criteria for defining presence of species (e.g. in relation to number of 23 days present during the breeding season) at 107 wetlands.
24
Innovation
25
We use opportunistic citizen science data of high density (a total of 151,817 observations of 26 77 wetland bird species; i.e. about 16 observations per day) to build site-occupancy models 27 calculating occupancy probabilities at a high temporal resolution (e.g. daily occupancies) to 28 derive probabilistic estimates of seasonal site use of each species. We introduce a new way 29 for defining species presence by using different criteria related to the number of days the 30 species are required to be present at local sites. We compared patterns of species richness 31 when using these different criteria of species inclusions.
32
Main conclusion
33
While estimates of local species richness derived from high temporal resolution occupancy observations (Schmeller et al., 2017) . These measures are the species presence, species 51 richness and community composition (or species lists) from which richness of functional 52 traits could also be derived. However, these summary metrics are clearly dependent on the 53 definition of the presence status of a species at a site that determines a species' inclusion in 54 the summary metric. In other words, when is a species part of a local community? Is it 55 enough for it to be present at a site only once during the season?
56
Here, we propose that in order to improve our understanding of species assemblages, we 57 should first focus on how we define the presence of a species at a site, i.e. the data that is 58 being fed into predictive models, before we can focus on how species distributions and local 59 species richness are explained and predicted. So far, much focus has been set on the ability of 60 predictive models to estimate species richness at unvisited sites (Dubuis et passer-by's. We also propose that this approach allows refining species richness estimates 101 and local species lists before using them in predictive models.
102
We used high density opportunistic citizen science data from popular birding wetlands in estimates of occupancy probability, pdij, over species ( Fig. 1 
170
To test for the sensitivity of estimates of local richness to the variability in site-and time- richness decreased as the time periods over which the data is summarised increased (from 1 183 day to month and to season). That is because many species will be detected at least once 184 during a longer time period, although this also depends on the temporal patterns in number of 185 visits per site (e.g. the difference was greater in June when the number of visits decayed).
186
Although sampling effort in opportunistic observations of birds typically decreases at the end 187 of the season (thus the lower number of detected species, Fig. 2 ), the occupancy model can 188 correct for this tendency (see estimated richness in Fig. 2 Estimates of seasonal richness were very sensitive to the number of days required for
197
considering a species to be present at a site (Fig. 3) . Compared to the criterion 1d criterion
198
(i.e. observed at least once during April to June), naturally, the number of species considered 199 as present decreased markedly (30% and 50% depending on the continuity criterion) when 200 the species needed to occupy the site at least 20 days during the same time period (Fig. 3) .
201
Further increasing the restrictions on number of days present also reduced the number of 202 species but less dramatically so (Fig. 3) . Similarly, estimates under the continuous criterion Sensitivity of estimated richness to sampling effort (number of visits and sampled area)
209
As expected, more visits resulted in greater observed and estimated species richness. In 210 comparison to observed richness this effect was, however, widely reduced on richness
211
estimates from the occupancy models (Fig. 4) is, how many species are expected to share a site at a given time (day). However, since in this Table S2 : many of the 77 wetland species had low detection 274 probabilities).
275
As expected, the variability in richness among sites increased when increasing the restrictions 276 of inclusion of species in local lists (Fig. 3) , highlight the differences between sites (Ruete et underprediction error of predictive models (Calabrese et al., 2014; Zurell et al., 2016) .
280
Although the number of visits at a site had strong positive effect on the number of species 281 observed, when correcting for variability in the detection probability by occupancy models, 282 the number of visits were only marginally positively associated with estimated species 283 richness (Fig. 4) . Given that richer sites may attract more voluntary observers the remaining 284 effect of sampling effort (i.e. number visits) may be correlational and not strictly causal.
285
These results suggest that occupancy models are robust for estimating richness compared to 286 approaches using primary observational data, supporting the findings of Isaac et al. (2014) . = occupancy probability given the fulfilment of a given criterion (e.g. 45d). 
